Abstract Climate change is expected to increase the frequency and intensity of natural disasters. Adaptation investments are required in order to limit the projected increase in natural disaster risks. Adaptation measures can reduce risk partially or completely eliminate risk. The literature on behavioural economics suggests that individuals rarely undertake measures that limit risk partially, while they may place a considerable value on measures that reduce risk to zero. This is studied for a case of adaptation to climate change and its effects on flood risk in the Netherlands. In particular, we examine whether households are willing to invest in elevating newly built structures when this is framed as eliminating flood risk. The results indicate that a majority of homeowners (52%) is willing to make a substantial investment of €10,000 to elevate a new house to a level that is safe to flooding. Differences between willingness to pay (WTP) for flood insurance and WTP for risk elimination through elevation indicate that individuals place a considerable value on the latter adaptation option. This study estimates that the "safety premium" which individuals place on risk elimination is approximately between €35 and €45 per month. The existence of a safety premium has Mitig Adapt Strateg Glob Change (2013) 
Introduction
Climate change is projected to increase flood risks in low-lying coastal regions as a result of more frequent extreme river discharges and sea level rise (IPCC 2007 (IPCC , 2011 . This is especially problematic for a low-lying country like the Netherlands, since about 53% of the total population of 16.7 million live and two third of the national income is earned in areas below sea or river water level. The Netherlands is a delta and is at risk from storm surges of the North Sea and peak discharges of the rivers, Rhine, Meuse, and Scheldt (Middelkoop et al. 2001; Aerts et al. 2006; Ward et al. 2008) . The risk of potential flood damage may be amplified by a combination of future climate change and socio-economic developments, notably economic growth and urban expansion in locations vulnerable to flooding (Aerts et al. 2008a; Bouwer et al. 2010; te Linde et al. 2011; Klijn et al. 2011) . Additional climate change adaptation strategies are, therefore, needed to be able to limit the projected increase in flood risks.
At present, most adaptation measures that are being planned or have been undertaken focus on limiting the probability of flooding by investing in flood protection infrastructure (Deltacommissie 2008) . Aerts et al. (2008b) show that a combination of water management strategies, such as raising dikes and flood proofing structures, is likely to be more effective in reducing the likelihood of suffering extreme damage than only heightening dikes. Furthermore, research on flood insurance and the effect of flood insurance on building codes and flood proofing measures indicate that preventive actions undertaken by households (also referred to as mitigation measures) may be an effective means to limit residual flood risk, which is the flood risk remaining after investing in dike infrastructure (Kreibich et al. 2005; Thieken et al. 2006) . It is sometimes argued that flood insurance may stimulate the undertaking of such mitigation measures, for instance, through rewarding policyholders with premium discounts or increased levels of coverage (Kleindorfer and Kunreuther 1999; ). However, flood insurance is not available in the Netherlands at present, which implies that it cannot be used as an instrument to encourage investments in damage mitigation (Botzen et al. 2010) . Alternative water management strategies, including flood mitigation measures, are being investigated in the Netherlands. For example, a recently executed study "Attention for Safety" proposes to raise all newly built homes in the Netherlands to several metres above sea level as a viable long run strategy to accommodate rising flood risk (Aerts et al. 2008a ). This strategy is proposed as a complementary strategy to traditional dike reinforcements, and is predominantly geared toward lowering potential flood damages. In contrast to mitigation through insurance that limits residual risk, elevating homes almost completely eliminates the residual flood risk of newly built homes.
Experience in the USA, however, indicates that homeowners rarely undertake damage mitigation voluntarily (Kunreuther et al. 2011) . In view of this, a relevant question is whether households would be willing to pay for elevating newly built houses. This is examined in this paper using a survey among 473 homeowners in the river delta of the Netherlands. In particular, it is analyzed how many homeowners are willing to invest in elevating a new house which is framed as a measure that eliminates risk, and how this decision relates to perceptions of respondents about the impacts of climate change and risk of flooding as well as household characteristics. The literature on behavioural economics indicates that individuals may place a considerable value on measures that reduce risk to zero levels instead of only limiting risk partially, which has been called the certainty effect Kahneman 1981, 1986; Schmidt 1998) . The existence of such a certainty effect would have important implications for adaptation policy since it means that individuals would generally favour adaptation measures that are framed toward obtaining zero risk. This paper provides estimates of a 'certainty premium' associated with adaptation options by comparing the results of this survey on demand for elevation with another economic valuation study in which we examined the willingness of homeowners to purchase flood insurance and to invest in measures that reduces risk partially, such as purchasing sandbags or water barriers to avoid low inundation floods. Botzen and van den Bergh (2012) discuss the willingness of homeowners to purchase flood insurance in detail. This comparison provides insights into the premium individuals are willing to pay to forgo flood risk completely, instead of limiting its damage. This provides an indication of the monetary valuation of the prevention of the welfare loss caused by the emotional stress of floods and flood-related health and mortality risks. The main objective of this paper is to estimate individual demand for an elevated house in the Netherlands, and whether or not individuals place a safety premium on adaptation measures that are framed as eliminating risks.
The remainder of this paper is structured as follows. Section 2 discusses the recently proposed water management strategy to elevate newly built homes above potential water levels. Section 3 examines insights from behavioural economics regarding self-protecting behaviour against natural hazards. Section 4 presents the survey and analyses the obtained data. Section 5 concludes.
Elevating buildings as a sustainable long run water management strategy
The Netherlands is one of the most densely populated countries in the world with 395 inhabitants per km² and about 16.7 million inhabitants. Roughly half of the Netherlands (the Western part) is below sea level and about 9 million people live in these areas, which are protected by dikes. Also, alongside the Rhine and Meuse rivers there are areas that lie lower than average river water levels. The roots of this situation are historical. Many low-lying parts (which are often called 'polders') have been reclaimed from former lakes. Also, subsidence of land induced by agricultural practice is one of the processes that cause increased exposure to floods in already low-lying areas. This situation is further exacerbated by sea level rise.
The low-lying areas in the Netherlands are protected by a system of dikes and embankments along the main rivers and coastal areas. The country is divided into 53 so-called 'dikering' areas which are geographical units that have their own closed flood protection system that consists of dikes, dams, and sluices. A dike-ring area should be protected against floods by a system of primary embankments, and each dike-ring has been designed such that it meets a safety norm. These safety norms are based on potential high flood levels with a certain probability and have been derived from extrapolations based on historical data. Safety norms have been determined with the use of cost-benefit analysis and vary throughout the country (van Dantzig 1956) . Figure 1 shows the different dike-ring areas in the Netherlands and their safety norm, which is either 1/10,000, 1/4,000, 1/2,000 or 1/1,250.
So far, investments by the Dutch government have been mainly targeted toward new flood defence infrastructure, such as dikes and storm surge barriers (Kabat et al. 2005) . Heightening dikes is effective in terms of its costs and benefits, where the benefits refer to reducing the frequency of flooding (Janssen and Jorissen 1997; Aerts et al. 2008a) . However, it is increasingly recognized that only raising dikes is insufficient to realize a sustainable situation in the long run, because heightening dikes merely reduces the probability a flood occurs, while the potential damage of a flood continues to increase. The latter trend is due to two reasons. First, most polder areas in the Netherlands are below mean sea level and can in fact be considered as a bathtub. A higher dike lowers the probability of a flood, but also results in higher maximum floodwater levels and resulting damage may be potentially higher if it fails. This is especially problematic because future water levels during floods are expected to increase as a result of climate change (Klijn et al. 2011) . Second, heightening dikes increases feelings of safety among households and investors, which stimulates further economic and urban development in vulnerable areas (Vis et al. 2003) . The latter has been called the "levee effect" (Anderson and Kjar 2008) . As an illustration, it is projected that between 500,000 and 1,500,000 new houses will be built in the next 30 to 40 years in the Netherlands (MNP 2007) . These developments together with economic growth are projected to increase potential flood damage at a constant price level with a factor 6 to 7 in the coming 80 years (Aerts et al. 2008a) . It is, therefore, questionable whether only raising dikes will be sufficient to cope with increasing flood risks, or whether additional adaptation measures should address new spatial planning policies that limit development in flood plains and new building codes that make houses less vulnerable to flooding (e.g. Aerts et al. 2008a; Olsthoorn et al. 2008; Klijn et al. 2011) . Investing in a variety of measures that lower both the probability and damage of floods may be more effective to increase resilience to climate change . Aerts et al. (2008a) examined several long-term strategies to cope with the combined effects of climate change and socio-economic developments on flood risk in the Netherlands. In order to reduce flood damage, the study proposes to elevate new urban areas with sand from the North Sea to 5 m above sea level. Elevating new buildings to such a high level would imply that they do not suffer from any damage during floods in almost all areas in the Netherlands (Aerts et al. 2008a) . Given that the Netherlands is a very densely populated country more efficient use of space through 'multi functional land use' relieves pressure on land. Building new houses on elevated grounds does not only almost completely eliminate the flood risk of these houses, but potentially realizes additional benefits. For example, in elevated areas, infrastructure, such as pipelines, powergrids and even railroads can be constructed at lower costs by first developing infrastructure above ground and next covering the infrastructure with a layer of sand, on top of which new buildings and residential areas can be developed. Another benefit is that new flood protection for existing buildings can be created through elevating new neighbourhoods around low-lying city centres and connecting these higher grounds with dikes. These new dike-rings around old city centres may protect cities once the existing coastal protection fails during a storm surge. It is noted that living in such elevated areas is not very much different from living in low-lying areas, since whole streets or neighbourhoods would be elevated, so that accessibility, for example, for elderly people, is not impaired.
In order to elevate 1 million new houses in the coming decades about 40 million m 3 sand per year should be excavated at the cost of approximately €0.4-1.6 billion per year (Aerts et al. 2008a ). The nominal €/$ exchange rate is 0.716 in 2011 (OECD 2011) . This also includes the price of adjusting the infrastructure of these new urban areas, such as roads, pipelines, and rail infrastructure. Recent studies show that there is enough sand in the North Sea to meet this demand for sand (van der Meulen et al. 2007 ). The costs of elevating an individual new house with a surface of 150 m 2 to 5 m above sea level have been estimated as €9,000 up to €12,000, depending on the exact amount of sand needed and its price. These costs are quite substantial in an absolute sense but, are only a small percentage of the price of a new house, which is approximately €220,000 on average in 2008 prices. To assess the feasibility of the adaptation strategy to elevate new homes, it is important to know whether or not households are willing to pay costs of this magnitude. This study is the first in its kind that examines this for the Netherlands.
3 Self-protecting behaviour against natural hazards Individuals are accustomed to taking actions that limit the probability or expected consequences of risks in daily life -witness the wearing of seatbelts, the purchase of insurance against risks such as fire or theft, and the use of sunscreen to block UV radiation. Furthermore, individuals have several options to limit the impact of natural disasters. For example, the consequences of floods can be reduced with various measures that limit damage, such as installing water barriers, adapting buildings to flooding by placing costly installations such as for central heating or the electrical system on higher floors, building with water-proof materials, and replacing furniture above potential water levels. Natural disasters can often be characterized as low-probability, high-impact events. It is commonly observed that many individuals insufficiently prepare themselves for such low-probability risks and do not invest in measures that limit risks (Kunreuther 1978 (Kunreuther , 1996 Lamond et al. 2009 ).
Behavioural economics can clarify why many people fail to protect themselves against low-probability natural disasters. Several explanations for such behaviour have been put forward. Individuals can regard investments in natural disaster risk reduction as providing a low return on their money. This is especially true for individuals with short time horizons and high discount rates. Upfront investments costs of damage mitigation measures then loom large compared with future gains of reduced risks. It has been observed that people often have high short run discount rates and make short sighted decisions steered toward immediate returns (e.g. Frederick et al. 2002) .
Individual decisions to invest in climate change adaptation measures are further influenced by perceptions of risk and climate change impacts (Grothmann and Pat 2005) . Individual perceptions of natural hazard risks may deviate considerably from expert judgment of risk (Slovic 1987; ). Studies concerning low-probability disasters often find that individuals underestimate the probability of a disaster causing damage and, therefore, decide not to spend money on reducing the risk (Camerer and Kunreuther 1989) . This processing of probabilities poses some difficulties when applying the traditional expected utility framework of individual decision making under risk (von Neumann and Morgenstern 1947) . This assumes that individuals correctly assess the likelihoods of adverse events and that they process probabilities linearly. The descriptive failure of expected utility theory in explaining individual behaviour under risk is well documented, and several alternative theories have been developed of which prospect theory is the most important (Camerer 1998; Starmer 2000) . Prospect theory of individual decision making under risk provides a theoretical basis for weighting of probabilities by individuals (Kahneman and Tversky 1979) . Under this theory, individual risk attitudes depend on probability transformations as well as on the value individuals place on losses. Probability transformations are captured by a probability-weighting function, which models the weight that individuals place on specific probabilities in their decision making about protecting against a particular risk. Prospect theory indicates that individuals either ignore low probability risk or excessively focus on low probabilities and overweigh them (Tversky and Kahneman 1992; Etchart-Vincent 2004; Laury et al. 2009 ).
Few adaptation measures will be undertaken if many individuals ignore the low probabilities associated with natural hazards. An explanation for the observed neglect of lowprobability risk is that individuals may unconsciously adopt a certain probability threshold p * below which they do not worry about the consequences of disasters. Disasters with a probability p<p * may be ignored, which implies that cost-benefit analysis for protection are not undertaken, and mitigation measures are not implemented even if they are cost-effective. Another explanation refers to individuals' bounded rationality or limited cognitive abilities to understand probabilities of risk they face (Conlisk 1996) . Individuals who do not know the actual probability of a natural hazard may not take actions to limit risk if acquiring knowledge about the probability involves considerable search costs (Kunreuther and Pauly 2004) .
Individual demand for reductions in natural hazard risk depends on the current probability of the natural hazard and the size of the reduction in the probability. Individuals' subjective valuations of probabilities of losses are often nonlinear (Etchart-Vincent 2004 , which implies that similar reductions in probability can be valued differently depending on the size of the current probability, as is captured by the probability weighting function in prospect theory. An extreme kind of this nonlinearity has been often observed in choices that involve risky and certain outcomes, where individuals appear to place a disproportional large value on certain (risk free) outcomes Kahneman 1981, 1986; Schmidt 1998) . This is defined as the certainty effect, which implies that a reduction in the probability of a natural disaster, for instance, from 0.02 to 0.01, is valued less than a reduction from 0.01 to zero. The existence of a certainty effect implies that individuals generally favour measures that eliminate natural hazard risk completely, instead of only limiting its probability. An explanation for the certainty effect in the natural hazard domain is that eliminating a risk instead of reducing its probability implies that fears for mortality because of the hazard are substantially reduced, which is highly valued by individuals. This is supported by risk perception research showing that individual risk perceptions and their willingness to take action to reduce risk are high if a risk is associated with feelings of dread, for example, due to associations with lethality (Slovic et al. 2004) . Therefore, designing adaptation measures in a way that risks are eliminated and framing these strategies as such is likely to increase their demand by individuals.
Willingness of households to invest in elevating houses

Survey method
The willingness to invest in elevation of new houses was asked in an extensive online survey that also inquired about the demand for flood insurance among homeowners in the Netherlands. give a full description of the survey. The structure of the survey is as follows. The questionnaire opens with questions on the experience of the respondent with flooding and knowledge about the causes of flooding. In addition, several questions are included on the potential consequences of climate change and perceptions of flood risks. Subsequently, a part elicits demand for flood insurance. This is followed by the question on the willingness to invest in elevation. It is explicitly explained that elevating a house would completely eliminate flood risks and, therefore, implies that respondents do not need any flood insurance (see for an overview of the questions). In practice, a very small probability of failure of the elevation structure may exist, depending on the applied elevation method, such as when individual buildings are elevated with sand which may wash away during floods. This failure probability is negligible, or even zero, if entire neighbourhoods are elevated to very high levels, as has been proposed by Aerts et al. (2008a) . Therefore, this failure probability may be ignored and the survey asked respondents to imagine that elevation would completely eliminate flood risk. The pre-test of the survey revealed that respondents did not protest against this scenario. The respondents are requested to imagine that they are going to buy a new house in 2015 and asked whether they are willing to spend €10,000 to elevate their new house to a level safe against flooding. Elevating houses by sand is not possible in areas with very wet grounds, while such areas pose no problem for elevation with poles. Therefore, we decided to ask respondents whether they are willing to pay this amount for a house on poles instead of a house elevated by sand, so the question is applicable to the living areas of all respondents. Respondents were only informed about the average costs of elevation (€10,000) since the objective of this study is not derive a complete demand curve -as in some contingent valuation studies -but to estimate the average demand for a best estimate of the costs. The questionnaire concludes with the usual socio-demographic questions.
A potential caveat of the survey method is that it is hypothetical in the sense that the respondents who are asked whether or not they are willing to make an investment in elevating a house do not actually have to incur these costs in practice. A reason for this is that personal constraints, such as income, may not be considered as constraints at the time the survey is answered. These views are contradicted by evidence of laboratory and field experiments that reveal similar patterns of behaviour in settings in which a real or hypothetical payment was involved (Mitchell and Carson 1989) . Moreover, respondents may answer dishonestly and overstate or understate their true demand for elevation. However, theoretical evidence and experimental studies suggest that strategic behaviour is limited in practice, due to strong counter-strategic behaviour motives, such as altruism and honesty (Mitchell and Carson 1989) .
Three pretests (n088) were conducted using face-to-face interviews to test the questionnaire and a final pretest (n030) was performed to test the online survey. The survey was administered over the Internet using Sawtooth CBC software (www.sawtoothsoftware.com). Respondents were selected from the consumer panel of Multiscope and contacted by e-mail (www.multiscope.nl). The selection of respondents may result in sample selection bias if the probability of an individual agreeing to participate in the survey is related to the construct under investigation (willingness to invest in an elevated house). Therefore, the invitation e-mail did not specify the topic of the survey, in order to prevent selection bias. Another potential source of bias of the survey results may arise if the sample is not representative and only reflects a certain subgroup of the population. This bias has been minimized in our study by carefully selecting the sample of survey respondents. The sample was set up to be representative for the population of Dutch citizens who own a house until an age of 60 years. The sample consists of random draws of panel members who live in the river delta in the Netherlands and includes only homeowners. Reducing flood risk through elevation is more applicable to homeowners because tenants do not bear the (full) cost of flood damage. The resulting total number of completed questionnaires is 473. Figure 2 depicts the location of the respondents to the survey on a map of the Netherlands.
Sample characteristics
The average age of the respondents is 46 years. The proportion of respondents who are older than 60 years is about 15%, while this is 22% in the actual Dutch population. Fewer older individuals are represented in the Internet sample, because seniors are generally less active on the Internet than younger people. We do not regard this as troublesome in this application, since it concerns buying a new house in the year 2015. This scenario is likely to be less applicable to older homeowners who may be less willing to move, and are likely to stay in their current house or move to an elderly home instead. Furthermore, the increased flood risk posed by climate change is less applicable to older respondents, since it will take several decades before these risks materialize. Our sample has slightly more male (59%) than female respondents and 45% of the respondents have at least one child. About 39% have a bachelor's or master's degree as their highest education level. The average after-tax household income is the answer category "between €2501 and €3000 per month". This is close to the average after-tax income of a household that owns a house in the Netherlands, namely €3025 per month (Statistics Netherlands 2008). 
Willingness to invest in elevation
The answers indicate that slightly more than half of the respondents (52%) are willing to purchase an elevated house so that flood risks are eliminated, despite the substantial cost of €10,000. These results suggest that this mitigation measure could be very promising. This provides an excellent basis for undertaking future research on the feasibility and return of elevating newly built structures. Results of the parallel survey ) indicate that about 68% of homeowners are willing to invest in sandbags for €15 that can be used as a water barrier during floods, in exchange for a discount on their flood insurance premium . Hence, the proportion of homeowners who are willing to invest in elevation is not that much smaller than the proportion who are willing to invest in water barriers, despite the much higher costs of elevation (€10,000 compared with €15). This suggests that individuals regard a mitigation measure that is framed as completely eliminating flood risk as very attractive. This is consistent with findings in behavioural economics that individuals place a considerable value on reducing small probability risk to a probability of zero, which is the so-called certainty effect (see Section 3). Recent theories in individual decision-making under risk, such as prospect theory, indicate that individuals can place a large value on reducing low-probability, highimpact risks, which is consistent with the survey results .
The finding that many homeowners are voluntarily willing to invest in reducing risk is in contrast to practical experience in the USA, where few individuals invest in measures that limit damage, such as the strengthening of roofs with the objective to limit wind damage (Kunreuther 2009 ). The elevation measure examined in this study may be very attractive to individuals, because it completely eliminates risk, instead of only reducing part of the damage. Individuals may place a premium on the elimination of the total risk compared with just reducing the potential damage, for example, because of the stress and anxiety associated with flooding. Information on such a 'safety premium' is very valuable for costbenefit analyses of investments in flood risk reduction, but such premiums are currently not included in the measurement of benefits of flood protection because of a lack of empirical estimates (Kind et al. 2008) . As an illustration of the size of this 'safety premium', the monthly payments for elevation financed with a mortgage may be compared with the average monthly household willingness to pay (WTP) for flood insurance. The WTP for flood insurance indicates the value individuals place on reducing their financial exposure to flooding, while WTP for elevation can be seen as the value placed on eliminating the emotional stress and mortality risk associated with floods in addition to eliminating potential damage. Suppose that the costs of elevation are financed with an annuity mortgage at the average home mortgage interest rate during the time of the survey of 5% (Statistics Netherlands 2008) . In that case, the monthly payment for a mortgage with duration of 20 and 30 years is, respectively, €55 and €67. The average monthly WTP for flood insurance estimated by Botzen and van den Bergh (2012) is approximately €21 based on estimates of a choice model under current climate and socio-economic conditions. The comparison between WTP for insurance and WTP for elevation indeed indicates that many homeowners place a considerable premium on eliminating flood risk completely compared with only financial compensation for damage. This "safety premium" is approximately between €35 and €45 per month. It arises due to a certainty effect that is related to lower stress and mortality (dread) risks due to elevation. Moreover, according to Stewart and Stewart (2001) , the certainty effect implies that individuals place a lower value on insurance compared with elimination of risk, because insurers may be unwilling or unable to pay large claims that arise due to natural disasters, which results in uncertainty about actual compensations received by policyholders. This uncertainty is resolved by the elevation measure.
Factors determining the willingness to invest in elevation
It is useful to examine how the investment decision relates to characteristics of the respondent, expected climate change impacts and perceptions of flood risks. Information about this will allow policy makers to target relevant groups of individuals or households, namely those who will be potentially most interested in investing in elevation. In particular, the government could provide information or subsidies to stimulate elevation of newly built houses or require elevation with building codes. The correlation coefficients of the decision to invest in elevating homes and other variables are shown in Table 1 and will be discussed in detail below.
Expected impacts of climate change
Perceptions of risk are found to be an important determinant of individual decision making under risk (Slovic 2000) . We examine whether respondents who expect climate change to have considerable consequences for the Netherlands are more likely to invest in the elevation measure. This is analyzed by relating the answers to the question regarding willingness to elevate one's house with a variable that represents the expectations of the respondent about the negative effects of climate change in the Netherlands. The variable has six categories, namely "very small", "small", "not small/not large", "large", "very large" and "don't know" (coded as missing). Figure 3 shows the answers to the question about the size of these climatic effects. The majority of the respondents expect the negative effects to be large or very large (62%), while about 14% expect the negative effects to be small or very small. This suggests that most respondents regard climate change as worrisome. The answers to this question relate positively and significantly (at the 5% level) with the decisions to invest in elevation of a new house, as indicated by the correlation statistic shown in Table 1 . Only 31% and 46% of the respondents who expect the negative impacts of climate change to be very small and small, respectively, are willing to invest in elevation, while this is 60% if respondents expect very large negative effects of climate change. In other words, the larger homeowners perceive the negative effects of climate change, the greater is the probability they are willing to invest in reducing flood risk.
Respondents' perceptions of flood risk and geographical characteristics
Individual perceptions of the flood risk also relate with the decision to invest in elevated homes. In particular, homeowners are more likely to invest in elevating homes the larger they perceive their risk of flooding. Three variables are included that represent perception of flood risk by individuals. The first is based on a question that asks respondents to estimate their probability of flooding on a qualitative scale, with the answer categories "I do not have Negative effects of climate change 0.09* Perceived flood probability 0.10* Lower flood risk than an average resident −0.12** Higher flood risk than an average resident 0.11* Willingness to purchase insurance 0.14** Close to a main river 0.12** any flood risk", "very low", "low", "not low/not high", "high", "very high", "don't know" (coded as missing). The correlation coefficient of this variable in relation with the decision to invest in elevating houses is positive. About 47% of respondents who answered the first three lowest categories of perceived flood risks are willing to invest in elevation, while this is about 67% for the respondents who expect that they have a high or very high flood risk. The two other variables representing perceptions of flood risk are obtained from a question that asks respondents to rate their flood risk compared with an average resident in the Netherlands, with the answer options "equal to average", "higher than average", and "lower than average". The correlation coefficients indicate that the probability of investing in elevating a house is higher for homeowners who state that they have a higher flood risk than an average resident, and lower for homeowners who indicate that they have a lower flood risk than an average resident. As an illustration of the importance of this effect, 46% of the respondents who expect that they have a lower than average flood risk are willing to invest in elevation, while this is 63% among the respondents who expect that they have a higher than average flood risk. The three correlations sketch a consistent picture. Next, a variable was constructed that represents respondents who live within 5 km to a main river. This has been done with the use of Geographical Information Systems (GIS), which are related to the respondents' zip codes. The correlation coefficient shows that homeowners who live close to a main river are more likely to invest in elevating houses, possibly because they are more aware of the risk of flooding in their living area. In particular, 59% of homeowners who live close to a main river are willing to invest in elevating homes, while this is only 46% for homeowners who live further away from a main river.
4.7 Risk attitudes: willingness to purchase flood insurance Risk averse individuals generally have a positive willingness to pay value for insurance against the residual risk of flooding (e.g., . It seems likely that individuals who are willing to pay for financial coverage against flood damage by insurance are also more likely to invest in elevating homes, than individuals not interested in buying flood insurance. A question has been included in the survey that asks whether respondents are willing to pay for flood insurance under the current flood probability. A dummy variable that represents respondents who answered "yes" to that question correlates positively to the decision to invest in elevating homes. In particular, 63% of homeowners who are willing to pay for flood insurance are also willing to spend €10,000 for elevating their new home. This percentage is only 48% for homeowners who are not willing to purchase flood insurance.
Socio-economic characteristics
Finally, we examine whether the decision to invest in elevation is related to socio-economic characteristics of the respondent, such as the value of the current house, home contents, age, income, and education. A positive correlation coefficient can be observed for income, but this is only significant at the 10% level (two-tailed test). The other correlations are not statistically significant and are, therefore, not reported. In conclusion, perceptions of flood risks, expected effects of climate, risk attitudes and geographical characteristics are more important determinants in the decision to invest in elevating houses than socio-economic characteristics of the respondent.
Conclusions
Climate change may have catastrophic consequences for flood risk in the Netherlands. Socio-economic developments and resulting urban developments are an additional factor of increasing potential flood damage. Most water management investments are currently targeted at controlling flood probabilities through dike reinforcement and heightening. Here it was suggested to examine additional investments in adaptation measures by individuals that lower potential flood damage. A problem with limiting damage by 'flood proofing' of houses is that individuals rarely voluntary invest in measures that limit their exposure to natural hazards. Recent studies have suggested that elevating structures may be a good strategy to limit impacts of floods since it would almost completely eliminate the flood risk of elevated houses. An advantage of this strategy is that it may be regarded as very attractive by individuals who place a considerable value on reducing risk to zero, which has been suggested by the certainty effect. This paper has reported the results of a survey that examined the willingness of Dutch homeowners to invest in elevating newly built houses, and whether individuals are willing to pay a premium for eliminating risk instead of only reducing its financial consequences through insurance. This study is the first in its kind that examines this topic, and delivers three main conclusions.
First, the results indicate that a considerable proportion of Dutch homeowners (52%) are willing to invest in elevating their house which has been framed in the survey as a measure that eliminates flood risks. This suggests that this water management strategy holds promise to limit potential flood damage.
Second, a comparison of an indicator of the willingness to pay (WTP) for elevation and WTP for flood insurance indicates that individuals place a considerable premium on eliminating the risk completely, instead of purchasing only financial protection against the risk or investing in measures that only partly reduce damage. A reason for this may be the negative welfare effects of emotional stress and anxiety associated with floods. In addition, the removal of mortality risk and associated dread feelings related to flood risk results in an increased attractiveness of elevation as an adaptation measure. The existence of this 'certainty premium' implies that cost-benefit analyses of measures that eliminate natural hazard risk will understate benefits of such measures if the premium is ignored, which is at present the policy practice in the Netherlands. Moreover, it implies that framing or communicating adaptation measures in terms of their potential to eliminate risks is likely to increase their attractiveness to individuals compared with framing measures as reducing risks.
Third, both psychological factors and actual risk levels influence the demand for elevation and the associated 'safety premium'. This follows from an analysis of individual heterogeneity in demand for elevation which is examined by estimating correlations between demand and perceptions of climate change and flood risk, risk attitudes, and geographical and socioeconomic characteristics. Estimated correlations indicate that the decision to invest in elevation of a house is positively related to the size of the expected negative effects of climate change and the perception of flood risks by the respondent. Moreover, homeowners who are willing to purchase flood insurance against the residual risk of flooding and homeowners living close to a main river are more likely to invest in elevating houses.
Elevating buildings in order to limit flood damage would represent a major shift in Dutch flood risk management, which currently focuses on lowering the flood probability to an acceptable (positive) level. Often measures focussed on limiting flood damage are based on investments at the household level, which requires a participatory approach toward flood risk management involving governments and citizens. An understanding of household attitudes toward, and values of, risk reduction measures is fundamental to achieve effective protection against flooding. Future research should focus on assessing how elevation of structures can be precisely organized as a cost-effective, complementary activity to current water management policies in limiting climate change induced flood risks. In addition, the potential benefits of elevating new homes in terms of preventing flood damage may be examined in more detail with the use of 'catastrophe models'. The results of this study provide a basis for further research, as it shows that willingness of homeowners to make a substantial investment to elevate homes is sufficiently large. Translating these findings to climate change adaptation research in general, the existence of a certainty effect indicates the usefulness of exploring adaptation measures that eliminate natural disaster risk instead of only reducing risks.
